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Abstract
The measurement array presented in this paper is performed at the University of Bejaia in Algeria by the team 
working on photovoltaic after two years experiments. It is used to evaluate the performance of photovoltaic modules 
and systems. It can be adapted for stand-alone systems without storage, with storage or with alternating loads. In this 
work we have restricted the study to a simplified system consisting of a single module of 120 Wp output and a 
resistive variable load. The measurement of the voltage and the current are made through transducers and data logger 
but also directly with voltmeter and ammeter; solar radiation and temperatures are however made only through 
sensors and data logger. The data are then visualized on voltmeter and ammeter and recorded on data logger which is 
connected via available RS232 interface to a PC. Software developed under Lab View environment permit to 
configure the system and to read and save the data.   The team is still working to develop some algorithms to evaluate 
the performances of the photovoltaic installation. 
© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the TerraGreen Academy.
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1. Introduction
The characteristics of photovoltaic modules manufacturer data refer to standard test conditions (STC 
irradiation 1000 W / m2, Module temperature 25 ° C, AM1.5 and normal incidence) that are usually 
different from the local operating conditions. To predict accurately the production of electricity and to
optimize the performance of standalone photovoltaic systems, it is necessary to consider the actual
environmental conditions in the installation site. Therefore, measurement strategies should be
implemented to characterize simultaneously the performance of the generation system and its separate
components under actual operating conditions. It is also required that continuous monitoring of the
weather data must be done [1]. The measure focuses each time on a single power module mounted on the 
roof facing south with a declination of 45°. Current, Voltage, module temperature, ambient temperature, 
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sun radiation are measured through sensors and transducers, they are logged in a data logger and 
transmitted to a computer through RS232 interface. The PV-module is already since more than one year 
mounted on the roof and then exposed to climatic and environmental conditions before starting the 
measurements. 
 
2. System description 
This work is realized in the university of Bejaia (Latitude: 36.7559 - Longitude: 5.0843)  in Algeria. The 
circuit consists of a photovoltaic module (TE1300, table.1 ) and a variable  resistive   load (10.6Ω, 6A). 
Additional voltmeter and ammeter give us directly and   permanently voltage and current in the load. 
They are used also to confirm the values delivered by the transducers and data logger. Table 1 gives us 
the characteristics of the photovoltaic module as they are mentioned in the firm data sheet. 
 
Table.1. Characteristics of the PV-module 
module maximum 
power 
voltage at 
maximum 
power 
Current at 
maximum 
power 
short 
circuit 
current 
open 
circuit 
voltage 
minimum 
power 
TE1300 125Wp 17.9 V 7.0 A 7.6 A 22.0V 122.5W 
 
Before connecting the sensors and transducers to the main circuit, we identified point by point the graph 
current/voltage I(V) of the module (Fig.1). The values correspond well to those given in the table above. 
The module and the sensors are installed on the roof of the work building and the other items are installed 
on the work room jus under. Connections to the sensors are realized through adapted cables, the lengths 
don’t exceed 10 m. Connection cable to the load is a two 6mm² floppy cables whose length is 10 m. 
Procedures to measure the maximum electrical power and the effective irradiance have been described 
extensively in the literature [2]. 
 
 
 
Fig.1.  Module measured characteristic I=f(V) 
  
3. The most important parameters for the evaluation  
As inputs the sun irradiance, the ambient and module temperature are the most important active 
parameters outside the panel position setting. As outputs voltage, current and power are considered. In 
Algeria the measurements of solar irradiance are available in only a few stations which are located in 
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Algiers [3]. For our work we used our data obtained by two ways to measure the sun irradiance: a 
pyranometer and a reference cell. The pyranometer delivers mV-range voltage output, so it cannot be read 
directly by the data logger. It is amplified with an instrumentation amplifier before. As second parameter, 
Temperature plays an important role in photovoltaic generation [4 -5]. 
 
4. The measurement array  
The global and diffuse radiation are measured using pyranometers  and reference cell connected to data 
loggers that record data at specific time intervals (every 15mn). The module temperature is measured in 
the same time intervals with a temperature sensor (thermistor fixed to the back of the module). Ambient 
temperature is measured with a thermistor mounted on the top of the support. The module is connected to 
a resistor through voltage and current transducers whose outputs are connected to the data logger. 
4.1. Solar radiation sensors 
The sensor is build out of a monocrystalline solar cell connected to a shunt. Due to the low resistance of 
the shunt the cell operates next to short-circuit where the current is proportional to irradiance. 
Additionally to the irradiance measurement, the sensor circuit is extended to measure the cell 
temperature. With a power supply from the datalogger, it delivers for an output signal from 0 to 10 V 
corresponding to irradiance 0 to 1300W/m². 
The pyranometer presents a sensitivity of 16.57 μV/W/m² at normal incidence and a spectral range from 
300 to 2800 nm. The sun radiation is given by (1). 
 
۷ܛ ൌ  ܃ܗ܁                                                              (1) 
 
With IS = Sun irradiance (W/m²),  U0 = Output voltage (μV) and S = sensitivity (μV/Wm²) 
4.2. Module temperature sensor  
The sensor element, a Pt1000, is pasted on the rear side of the module and is linked to its conditioner 
circuit via a connection cable whose length is 1m. . It is supplied from the datalogger. Measurement 
Range is -10°C to +120°C with an accuracy of ±1% measuring range. The output signal is from 4 mA to 
20 mA. 
4.3. Ambient temperature sensor 
The sensor element is also a Pt1000 with measurement range of -50°C to +50°C with current output 4-
20mA. The power supply is 15 V from the datalogger. 
4.4. The measuring transducers for direct current and direct voltage 
They serve to convert and isolate a direct current or a direct voltage into a load-independent direct-current 
and direct-voltage signal.  The measurable variable gets via an input protective circuit to the amplifier or 
impedance transformer. The direct voltage obtained is converted into a load-independent direct-current 
and into an impressed direct voltage. The electrical isolation is effected by means of an optocoupler.   
The calibrated double-outputs can be switched over between 0-20 mA / 0-10 V and 4-20 mA / 2-10 V. 
The powering of the transducers occurs through an auxiliary 220 V alternating supply. Fig.2 represents a 
block diagram showing the operating principle of the transducers. 
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Fig.2.  Transducers and auxiliary power supply 
 
5. The Data logger 
The data logger has four analog and four digital inputs and is used to acquire and store analog and digital 
measurement values.  But it can also be configured to be used as 8 analog inputs device. Due to the four 
internal arithmetic channels the measurement values can be calculated with each other to store or display 
derived values. The analog inputs can be used as tension inputs (0 to 2 V) or current inputs (0 to 20 mA) 
by using jumpers. For our study we use 6 independent measurement variables (two for sun radiations, two 
for temperature, two for current and voltage).  The power is calculated via an arithmetic channel as the 
product of the tension and the current.  The last eighth input will be used later to measure or derive one 
other unit. A power supply for sensors is available on the data logger. Furthermore it has a RS232 port for 
connecting to a PC, as it is also possible to connect a modem for remote access. 
 
6. The entire system 
Fig. 3 shows the bloc diagram of the complete system which is composed of the main circuit (PV-array 
and load), the measuring network (sensors, transducers, voltmeter and ammeter), the data acquisition 
system (data logger) and the processing and visualization unit (PC, software, for visualization, processing 
and performances evaluation). The detailed full circuit is presented in Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3.   Bloc diagram of the installation 
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Fig.4. Detailed full circuit 
 
The data logger was configured (fig.5) with the help of the German devices supplier so that the outputs 
are given on real values. 
 
 
Fig.5. Data logger configuration 
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7. Results  and discussion 
 
With additional measurement apparatus we have tested the conformity of the data logger outputs. The 
installation is functional since the beginning of last October and we are satisfied of the first results.  
However the work goes on with the aim to elaborate methods and algorithms to evaluate the 
performances of the installation. We work also to realize some interfaces and software for dialog, 
communication, data presentation and automatic data processing.  We present in figure 6 some graphs 
drawn up under MS-Excel. They concern the units to measure: module and ambient temperature, sun 
radiation, voltage and current.  We can see that there is a great correlation between sun radiation, voltage, 
current and module temperature.  
 
  
 
Fig. 6. Measured units in one day (6.10.2012) 
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The three units follow perfectly the sun radiation fluctuations. Moreover, ambient temperature is less 
sensible for weak fluctuations.  At the maximum of sun radiation 1190 W / m2, temperature module 
reaches its maximum at 50°C. Module temperature is already greater than ambient temperature. 
Figure 7 shows the evolution of sun radiation, voltage and current, each time on midday, during 
November 2012.  There is a great correlation between sun radiation, current and voltage. For the 
presented data, correlation coefficient is .93 for the current witch vary linearly with sun radiation. It is  
.67 for the voltage, the variation is logarithmic. November is a very instable month; sun radiation is 
strongly dependant from weather factors [6]. 
 
 
 
 
 
 
 
 
Fig.7. Current and voltage evolution during November 2012 
Power generated by the photovoltaic module can be calculated from voltage and current recorded 
data. It can be used for sizing photovoltaic systems. 
With varying the load resistance, we have measured the maximum power and calculated the 
efficiency η at different module temperature. For Tm = 25 °C, the average of the efficiency is              
η25 =  11.9 %. When the module temperature increase, the efficiency decrease as shown in figure 8.  
The linear regression gives the relation  (2) for efficiency versus module temperature.  
 
η (Tm  ) = η25 (1 - .0041 (Tm-25))                                                                                                  (2) 
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Fig. 8 Efficiency variation with module temperature 
 
The correlation coefficient is  0.84. 
 
8. Conclusion 
The presented results are in good accordance with the known relations. It will be interesting to study 
the module efficiency versus the module temperature. The realized measurement array can be used 
for both pedagogic purpose and for research works to evaluate the performances of photovoltaic 
arrays. For this it is necessary to develop some methods, algorithms and accompanying interface and 
tool. That represents the next step of our work. 
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